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3D-printed pelvis model is an efficient method of osteotomy
simulation for the treatment of developmental dysplasia of the hip
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Abstract. Developmental dysplasia of the hip (DDH) is a
congenital or developmental deformation of the hip joint,
which may require a high number of surgical interventions. It
has been indicated that 3D printing may be used to simulate a
fractured pelvis to facilitate the fixation of plates during the
surgical procedure. In the present double-blinded random-
ized clinical trial, the utility of the 3D-printed pelvis model,
comprising 3D reconstruction, reverse engineering and rapid
prototyping, in the treatment of DDH was evaluated with 3D
CT as control. The value of the 3D-printed pelvis model in
the surgical management and development of a strategy for
an individualized operation for DDH using osteotomy simu-
lation was also assessed. The results indicated that use of
the 3D-printed pelvis model increased the success rate of the
operation with a shortened surgery time and post-operative
recovery time for DDH patients. In addition, the application
of the 3D-printed pelvis model allowed for more efficient
surgical management of DDH than 3D CT and promoted
post-operative recovery of the DDH patients. Pre-operative
planning using the 3D-printed pelvis model was feasible for
DDH patients. Furthermore, few patients exhibited delayed
incision healing, wound infection or nonunion in the DDH
group with osteotomy simulation using the 3D-printed pelvis
model or 3D-CT. In conclusion, the present study indicated
that the 3D-printed pelvis model, including 3D reconstruc-
tion, reverse engineering and rapid prototyping, constitutes
an efficient tool for pelvic osteotomy simulation, which
improves personalized pre-operative planning by providing a
visual and accurate osteotomy model for patients with DDH
(Chinese Trial Registry No. KCT0012374).
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Introduction

Developmental dysplasia of the hip (DDH) is a congenital or
developmental deformation or misalignment of the hip joint,
and is one of the most common congenital defects in the
newborns, which significantly impairs skeletal development
in children (1). DDH has become one of the most common
types of skeletal congenital anomaly and affects 1 in 1,000
live births in China (2). It has been indicated that DDH may
be influenced by environmental and genetic factors and the
incidence in females is five times that in males (3). Surgical
management is the most common treatment for DDH of
severities ranging from a mild form of acetabular dysplasia to
a moderate form of subluxation of the hips (4). A systematic
review demonstrated that the incidence of avascular necrosis
was frequent following medial open reduction in pediatric
patients with DDH (5).

At present, surgery is the most commonly used treatment
for DDH, and the success depends on the accuracy of the
pelvic osteotomy (6). The 3D printing technique has been
applied in orthopedics research on trauma, tumor, joint
replacement and pedicle screw fixation (7,8). Zheng et al (9)
suggested that a 3D-printed navigation template in proximal
femoral osteotomy simplifies surgery and improves the
precision for older pediatric patients with DDH. In addi-
tion, Wu et al (10) indicated that the 3D printing technique
provides virtual pre-operative planning prior to recon-
struction of old pelvic injuries. Zengy et al (11) suggested
that the 3D reconstruction technique may restore the true
acetabular morphology and allows for quantitative analysis
of DDH patients. Of note, a pilot study demonstrated the
potential application of the rapid prototyping pelvic model
for patients with DDH, which facilitates arthroplasty plan-
ning and surgical procedures due to better planning and
improved orientation (12).

To explore the value of the 3D printing technique in the
surgical management and strategy of rehabilitation therapy
for DDH, a 3D-printed pelvis model was used as an adjuvant
protocol for the DDH surgery, and 3D reconstruction, reverse
engineering and rapid prototyping were employed. The
present study indicated that osteotomy simulation using the
3D-printed pelvis model contributes to the surgical manage-
ment and strategy of individualized operative treatment of
DDH using osteotomy simulation.
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Materials and methods

Subjects. A total of 56 patients (28 females and 28 males)
with DDH were recruited at the Affiliated Hongqi Hospital
of Mudanjiang Medical University between May 2014
and July 2017. The mean age of the patients was 17.5 years
(range, 12.0-19.5 years). DDH was diagnosed by computed
tomography (CT) imaging examination and all subjects had
unilateral or bilateral DDH. The severity of DDH was defined
according to three grades: Instability, subluxation and disloca-
tion, as previously described (13). None of the patients had any
history or symptoms of DDH and patients with any systemic
syndrome were excluded from the study.

Processing of 3D-printed pelvis model. The 3D printing
experiments were performed using a self-developed selective
laser melting machine, DiMetal-100 (South China University
of Technology). The 3D-printed pelvis model was directed by
a scanning galvanometer according to a previous study (14).

The settings for the procedure were as follows: Scanning
speed, 30-3,000 mm/sec; thickness of layer, 20-120 um:;
focusing spot diameter, 80 ym. The largest size of the part
produced was 100x100x120 mm.

Surgical reconstruction guided by a 3D-printed pelvis model.
The osteotomy surgery was performed with the guidance
of the 3D-printed pelvis model and the final reduction was
pre-assessed to obtain the best-fit position for each DDH
patient. The surgery was first simulated using a 3D-printed
pelvis model. By using the virtual skeletal model, the optimal
osteotomy position and angle were determined to achieve the
best wedge resection geometry during osteotomy surgery.

Pelvic osteotomy. All operations were planned with the 3D
model and performed using pelvic osteotomy as described
previously (15). In brief, the hip joint of patients was approached
superficially between the sartorius and tensor fascia lata and
the deep dissection was between the hip abductors and rectus.
The anteromedial capsule was adequately incised and the hip
was identified; the ligamentum teres was cut and traced to the
acetabulum. Soft-tissue release was applied in all hips; the hip
was abducted and adducted, and the zone of abduction and
adduction in which the femoral head remains reduced in the
acetabulum was determined. The orientation of the osteotomy
was marked on the lateral cortex of the ilium and a straight
0.5-inch osteotome was used to perform the bone cut. A guide
wire was inserted under fluoroscopic control at the most ceph-
alad point of the curvilinear marking line, which was used to
ensure that the osteotomy terminated at the appropriate level
just above the horizontal limb of the triradiate cartilage. The
osteotomy site was kept open by inserting two correctly sized
bone grafts and fixed with metallic internal fixation. After the
insertion of femoral and acetabular components, computed
tomography was performed to evaluate the efficacy of surgery.

Evaluation. The bone and model measurements were compared
to assess the accuracy of the osteotomies guided by the 3D
printed model or CT-based model. Surgical time, post-operative
recovery time, hospital stay and an inflammation-based prog-
nostic score were recorded for all patients (16). CT examination
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Table I. Characteristics of patients with developmental
dysplasia of the hip.

3D-printed

Characteristic 3D-CT pelvis model ~ P-value
Total number 38 (67.9) 18 (32.1) 0.026
Sex

Female 20 (52.6) 8 (444) 0.054

Male 18 (47.4) 10 (55.6) 0.068
Side affected

Right 28 (73.7) 8 (444) 0.022

Left 10 (26.3) 10 (55.6) 0.034
Age (years) 32+4 36+5 0.68
Severity of dysplasia

Instability 10 (26.3) 5(27.8) 0.46

Subluxation 15 (39.5) 7(38.9) 0.52

Dislocation 13 (34.2) 6(33.3) 0.76
Follow-up (months) 24 24 -

Values are expressed as the mean + standard deviation, n, or n (%).
CT, computed tomography.

was performed three days after the osteotomy surgery. Hip
function was assessed using the Majeed score (17). The accuracy
of the internal fixation was determined from the post-operative
CT. The patients' hip joints were classified according to Tonnis
measurements of the acetabula angles into 4 grades using
International Hip Dysplasia Institute classification system as
described previously (18). The detailed summary scores and the
visual analog scale of satisfaction mean score were recorded
in patients as described previously (19). The evaluations and
follow-up (24 months) were performed by the same three inde-
pendent doctors.

Statistical analysis. Values are expressed as the mean + standard
deviation and statistical analyses were performed using SPSS
version 19.0 software (IBM Corp.). Student's t-test was used to
compare the measurements made on the 3D printed models to
those from the 3D-CT based pelvis model. P<0.05 was consid-
ered to indicate statistical significance.

Results

Patient characteristics. A total of 56 DDH patients (28 female,
28 male) were included in the present study. DDH was located
on the right hip in 36 cases and on the left in 20 cases. The
mean follow-up time was 24 months. A total of 18 DDH
patients (8 female, 10 male) were treated by surgery planned
by using the 3D-printed pelvis model and 38 DDH patients
(20 female, 18 male) received surgery planned by using 3D-CT.
All patients were randomly recruited and voluntarily received
3D-printed pelvis model or 3D-CT. The baseline characteris-
tics of the DDH patients are summarized in Table I. Regarding
the different severities of DDH (instability, subluxation and
dislocation), the percentage of male and female patients was
not significantly different between the two groups.
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Table II. Efficacy of 3D-printed pelvis model for patients with
developmental dysplasia of the hip.

3D-printed

Item 3D-CT  pelvis model P-value
Success rate (%) 824 94.2 0.040

Surgery time (h) 6.2+1.5 48+20 0.026

Post-operative recovery  28.5+7.0 21.0£50 0.036

time (days)

Total redislocations 5(17.8) 3(7.9) 0.0053
Redislocations detected 4 (10.5) 2(5.6) 0.038

after discharge

Values are expressed as the mean + standard deviation or n (%),
unless specified otherwise. CT, computed tomography.

Table III. Efficacy of 3D-printed pelvis model for post-operative
parameters in patients with developmental dysplasia of the hip.

3D-printed
Item 3D-CT  pelvis model P-value
Hospital stay (days) 28.0+6.0 23.5+4.5 0.035
Inflammation score 6.0+2.0 4.0+2.0 0.044
Delayed incision healing 2 (7.1) 2(7.1) >0.05
‘Wound infection 1(3.6) 1(3.6) >0.05
Nonunion 1(3.6) 1(3.6) >0.05
Majeed score 72+10 7015 >0.05

Values are expressed as the mean =+ standard deviation or n (%). CT,
computed tomography.

Efficacy. The efficacy of the 3D-printed pelvis model was inves-
tigated in the 56 DDH patients (n=18 in the 3D-printed pelvis
model group; n=38 in the 3D-CT group). The success rate of
surgery (at month 3) in those DDH patients pre-evaluated with
the 3D-printed pelvis model (94.2%) was significantly higher
than that in the patients pre-evaluated by 3D-CT (82.4%). Use
of the 3D-printed pelvis model decreased the surgery time
(surgery + 3D-printed pelvis model, 4.8 h; surgery + 3D-CT,
6.2 h) and shortened the post-operative recovery time for DDH
patients compared with that in the surgery + 3D-CT group.
In addition, the 3D-printed pelvis model significantly reduced
total redislocations and redislocations detected after discharge
for DDH patients (Table II).

Recovery. Representative images of the 3D-CT and 3D-printed
pelvis model were provided in Fig. 1. The present results
revealed that use of the 3D-printed pelvis model allowed
for more rapid recovery of the DDH patients. The time of
hospital stay and inflammation score were decreased in the
surgery + 3D-printed pelvis model group compared with those
in the surgery + 3D-CT group. Furthermore, few DDH patients
with osteotomy simulation using the 3D-printed pelvis model
or 3D-CT had delayed incision healing, wound infection or
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Table IV. Comparison of summary scores (coordination score
and visual analog scale of satisfaction score) between the
3D-CT and 3D-printed pelvis model groups.

3D-printed

Parameter 3D-CT  pelvis model P-value
Upper limb coordination 7.01£1.56  7.12+1.38 0.64
score

Lower limb coordination 7.52+1.69  7.40+1.46 0.72
score

Pelvis coordination score 4.64+1.52  6.80+1.52  <0.01
Visual analog scale of 536+1.21 7.58+146 <0.01

satisfaction

Values are expressed as the mean + standard deviation. CT, computed
tomography.

Table V. Pre- and post-operative acetabular index and center edge
angle (°) for patients with developmental dysplasia of the hip.

3D-printed

Time-point/angle type 3D-CT pelvis model
Prior to the operation

Acetabular index angle 38.5+10.5 40.6+12.6

Center edge angle 14.2+6.8 13.5+7.5
Post-operation (3 months)

Acetabular index angle 22.6+4.2 24.3+4.8*

Center edge angle 27.5+5.6 24.4+6.0*

“P<0.05 vs. 3D-CT. Values are expressed as the mean + standard
deviation. CT, computed tomography.

nonunion. The overall Majeed score demonstrated an similar
between the surgery + 3D-printed pelvis model group and the
surgery + 3D-CT groups (Table I1T).

Outcomes. The detailed summary scores and the visual analog
scale of satisfaction mean score are provided in Table I'V. The
scores for the pelvis and the spine tests for the 3D-CT group
were significantly lower than those for the 3D-printed pelvis
model group (P<0.01). However, no significant differences
were observed in the scores for the upper limb test or the lower
limb test (P=0.64 and P=0.72, respectively). The visual analog
scale of satisfaction mean score was 7.49+1.38 and 5.80+1.30
in 3D-printed pelvis model group and 3D-CT group, respec-
tively (P<0.01).

The pre- and post-operative acetabular index and
center edge angle were compared between the two groups
of patients. There was no significant difference in the
pre-operative acetabular index (38.5+10.5 vs. 40.6+£12.6%)
and center edge angle (14.2+6.8 vs. 13.5+7.5%) between
the 3D-printed pelvis model group and the 3D-CT group.
As indicated in Table V, none of the patients in the two
groups presented with any hip deformities or torticollis.
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Coronal

3D-CT

3D printing

Figure 1. Representative images of 3D-printed pelvis model and 3D-CT-based pelvis model (A) Representative images of 3D-CT. (B) Representative images

of 3D-printed pelvis model. CT, computed tomography.

The average acetabula index at month 3 was 22.6+4.2 and
24.3+4.8° in the surgery + 3D-printed pelvis model group
and the surgery + 3D-CT group, respectively (P<0.05). The
average center edge angle was 27.5+5.6 and 24.4+6.0° in the
surgery + 3D-printed pelvis model group and the surgery +
3D-CT group, respectively (Table V). DDH patients in the
surgery + 3D-printed pelvis model group had a better radio-
graphic acetabular index and center edge angle than those in
the surgery + 3D-CT group.

Discussion

With the development of 3D printing technology, its appli-
cation in life science is increasing and it is becoming an
important tool in medical treatments (20). A previous study
has indicated that putting 3D modeling and 3D printing into
practice is beneficial for virtual surgery and pre-operative
planning to reconstruct complex post-traumatic skeletal
deformities and defects (21). In the present study, the auxiliary
efficacy of a 3D-printed pelvis model combined with surgery
was investigated in a total of 38 DDH patients with 3D-CT
planning (18 DDH patients) as a control. The results indicated
that the 3D-printed pelvis model comprising 3D reconstruc-
tion, reverse engineering and rapid prototyping is beneficial
for osteotomy simulation in patients with DDH.

A previous study reported on the efficacy of 3D printing
simulated operation and the associated improvement in the
accuracy and safety of minimally invasive surgery through

a small incision lateral to the rectus abdominis for pelvic
fracture (22). Xiao et al (23) demonstrated that 3D printing
technology increased the predictability, feasibility and
reliability of simultaneous mandibular contour osteoplasty
and orthognathic surgery. The present study indicated
that a 3D-printed pelvis model improved the accuracy of
pelvic osteotomy, and also decreased the surgery time and
post-operative inflammation compared to 3D-CT-based
surgery for patients with DDH. In a previous study, dimen-
sional evaluation of patient-specific 3D printing using
calcium phosphate cement provided a good degree of fitting
and accuracy for craniofacial bone reconstruction (24). In
the present study, the 3D-printed pelvis model was able to
accurately represent the morphology and various angles of
the pelvis using osteotomy simulation. Furthermore, through
the use of rapid prototyping, 3D printing models have been
used in orthopaedic surgery, which offers surgeons a number
of advantages when treating complex fractures (14). The
present study indicated that use of the 3D-printed pelvis
model increased the accuracy of the surgery and decreased
the time of surgery, which led to a higher success rate of the
operation and shorter post-operative recovery time for DDH
patients.

The acetabula index is considered the most reliable radio-
graphic measure to evaluate the development of DDH (25).
The average acetabular index was significantly improved in
patients with DDH receiving 3D-printed pelvis model-based
surgery compared with those treated by 3D-CT-based surgery



EXPERIMENTAL AND THERAPEUTIC MEDICINE 19: 1155-1160, 2020

with an upper limit of normal of <30°. Radiological post-oper-
ative assessment of the center edge angle remains the primary
factor influencing normal hip development and is required to
optimize the development of the hip with the minimum number
of operations (26). In the present study, the center edge angle
was markedly improved in the 3D-printed pelvis model-based
surgery group compared with that in the 3D-CT-based surgery
group. Good follow-up results were achieved, with no evidence
of loosening of the acetabular components, or any type of hip
deformity or torticollis.

The limitation of the study is that it was a retrospective
preliminary study, and the number of patients was relatively
small in both the 3D-printed pelvis model and 3D-CT groups.
In addition, the follow-up for all DDH patients was relatively
short. Furthermore, the data of the present study were from a
single medical center and the full post-operative radiological
information was not available for all patients. Future studies
should include a large number of patients with DDH and also
evaluate the cost of treatment of this disease between the
3D-printed pelvis model and the 3D-CT group.

In conclusion, in the present study, the potential application
of the 3D-printed pelvis model for DDH was investigated. The
results indicated that the 3D-printed pelvis model may serve
as an important tool for the individualized treatment of DDH
patients. Further research is required to validate the applica-
tion of the 3D-printed pelvis model for DDH therapy.
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